Studies on the relative bioavailability (RBV) of DL-Methionine (DL-Met) to L-Methionine (L-Met) have produced variable results. An experiment was conducted to determine the RBV of DL to L-Met. A total of 2268 1-day old male chicken were housed in 54 floor pens (42 bird/pen). There were 9 treatments (6 repetitions) including the basal diet (BD). The BD was deficient in Met content with 0.27, 0.26 and 0.25 in the starter, grower and finisher periods respectively. Four levels of experimental diets for each DL-Met and L-Met were created by supplementing 0.05%, 0.10%, 0.15% and 0.20% of DLor L-Met to the BD. The feeding program consisted of starter (0-14 d, 21% CP and 2900 kcal ME/kg), grower (15 -28 d, 20% CP and 3000 kcal ME/kg) and finisher period (29 -37 d, 18.5% CP and 3050 kcal ME/kg). Chickens and feed were weighed at the end of each age period. Regression coefficients of a common plateau asymptotic regression were used to calculate RBV. Birds responded to gradual increase in Met levels, BW, FCR and ADG were significantly (P < 0.05) higher in treatment groups as compared to control. Through the study period (37 d), the RBVs of DL-Met for BW and FCR were 89 and 77 respectively.
Introduction
Better growth, economy and environment friendly commercial broiler production is limited to the right amount of available amino acids for efficient utilization in animal body. All of the crystalline amino acids supplemented in commercial poultry production are in their natural (L-isomer) form except methio-nine (Met), which may be utilized in its synthetic (D-and L-isomers) form in poultry. However, birds have to transform the D-isomer form into L-isomer in order to make it available for protein synthesis and other essential metabolic functions. It is not clear whether this conversion process in 100% efficient and all of the supplemented D-isomer form is being converted into L-isomer for its further utilization in animal body.
Inefficient intestinal absorption of supplemented Met is one of the factors which may limit its availability to body metabolism. For instance, Esteve-Garcia and Austic [1] observed 1% higher recovery of DL-Met as compared to L-Met in terminal ileum.
A number of studies have been carried out about the bio-efficiency of D, L and DL-Met. However, their results remained indecisive. Some reports showed that D-and L-Methionine were equivalent [2] [3] [4] . While others showed D-Methionine to be inferior [5] [6] . With regard to L-and DL-Methioine, Grau and Almquist [2] , Leveille et al. [4] , Gutteridge and Lewis [7] and Dilger et al. [8] showed equal efficacy of L and DL-Met. In contrast, Marret et al. [9] , Smith [6] , Katz and Baker [10] suggested that L-Met is superior to DL-Met when biological efficacy is compared. Even two reports [9] [11] concluded that D and DL-Met have better bio-efficiency than L-Met alone. Marret et al [9] showed that diets containing large amounts of D-amino acids caused D-methionine to be less efficient, suggesting that the capacity of D-amino acid oxidase could be exceeded.
The goal of the present study was to determine the RBV of two sources of Met (DL vs. L-Met), supplemented at graded levels to practical broiler diets, using growth parameters as response criteria.
Materials and Methods

Animals and Diets
All animal housing and husbandry conformed to the European Union Guidelines [12] and the protocol was approved by the Ethical Animal Committee of IRTA. A total of 2268 one-day-old male broiler (Ross 308) chickens were distributed into 54 (4 m 2 each) pens. There were six replicates per treatment (42 birds/pen). Standard light and temperature plans were followed [13] .
The basal diet was formulated according to nutrient recommendations of Ross 308 [13] , however, Met (<60% of Ross requirement) was kept in limiting position. Dietary ingredient composition and analysed nutrient contents are described in Table 1 and Table 2 .
The feeding program was divided into three age periods; starter (0 -14 on expected responses to methionine (Esteve-Garcia and Austic [1] ; the laboratory analysed levels are shown in Table 3 . 
Statistical Evaluation
Results were analysed as a randomized complete block design by two way ANOVA with 6 blocks corresponding to location within the house and 9 treatments corresponding to the basal diet and each of the four levels of DL and L-Met. Treatment means were compared for significance (P < 0.05) using Tukey's test.
The RBV of DL and L-Met was calculated using the model of Littell et al. [17] to obtain the response coefficients by using SPSS (Version 24 for Windows; SPSS Inc., IBM, Chicago, IL).
where Y = response variable (Feed intake, BW, ADG and FCR,) B1 = intercept (response of basal diet)
The bioavailability for DL-Met relative to L-Met was calculated by the ratios of regression coefficients B31 and B32 according to Elwert et al. [18] . RBV = 100 * B31/B32
Results
The statistical means for BW, FI, ADG and FCR attributed by two way ANOVA did not reveal any significant (P > 0.05) difference depending on the source of Met, however, the growth parameters for the basal diet were significantly (P < 0.05) lower as compared to the experimental diets supplemented with Met (Table 4 (a) and Table 4 (b)). The body weight of birds increased gradually with the increase (P < 0.05) in supplementation of Met source, which indicates a clear deficiency of Met in the basal diet. The growth response corresponding to L-Met supplementation in relation to DL-Met was numerically higher, but Tukey's test does not reveal significant (P > 0.05) difference due to the different Met sources.
A curvilinear response was observed from 0-37d for BW and FCR with graded Met supplementation (Figure 1 ) which was analysed by multi-exponential common plateau regression. The data of the present study appeared to fit well with the asymptotic nonlinear model and is considered to be adequate to compare the two sources. Table 5 and demonstrated in Figure 1 . The parameter estimates are described in Table 6 . RBV of DL-Met across the study period was for FI: 99, BW: 89, ADG: 99 and FCR: 77.
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Discussion
Based on ANOVA, the statistical non-significant differences (P > 0.05) on performance parameters depending on Met sources may be attributed to the difference in calculated and analysed contents of the dietary treatments of L-Met, which were found lower than expected (Table 3) . In contrast, test diets containing DL-Met, the expected and calculated values of Met were in good agreement.
It is difficult to ascertain the level of one source over the other when two different sources of the test product are supplemented at closer levels [19] . The study remained indecisive to quantify one sources over the other without affecting the performance parameters.
Studies conducted by Zelenka et al. [20] about the performance parameters of broilers, revealed similar findings, as of present experiment, through the application of ANOVA. They compared the DL-Met with MHA with graded levels of Met dietary concentration. The data for whole experiment showed better FCR and body weight in DL-Met treatment groups, however, the results were statistically non-significant (P > 0.05) over the MHA counterparts.
In a metabolic experiment for 20 days in post weaned growing pigs, Shen et al. [21] used the mixed model of SAS with completely randomized design, and observed a nonlinear response for growth parameters like ADG (P = 0.087), FCR and reduced plasma urea nitrogen (PUN) in L-Met as compared to DL-Met.
Whereas, Kong et al. [22] compared the both Met isomers in a nitrogen balance experiment with weaned piglets. Final BW, N intake, faecal N, Urinary N and apparent N digestibility were observed in L-Met vs. DL-Met using orthogonal polynomial contrast analysis and observed no response (P > 0.05) in performance parameters.
ANOVA appears to be insufficient for the above mentioned as well as the present study to estimate the difference between the closely matching treat-Open Journal of Animal Sciences ments. Moreover, two-way ANOVA also suffers from some limitations related to the present study, for instance it considers the levels of Met as categorical, while in fact they are continuous.
Therefore, the non-linear model of Littell et al. [17] was adopted to estimate the RBV. This model was questioned by Rosen [23] who states that "nutrient response curves are inevitably quadratic". When the quadratic model was applied to our data, the curve shows a maxima below the 0.20% level of Met which the data do not justify, as there seems to be further response beyond the 0.15% level. Furthermore, the quadratic model was proposed by Kratzer and Littell [24] for DL-Met and DL-MHA, in which different maxima are achieved depending on the Met source which has later been criticized by Piepho [25] and Elwert et al. [18] . The hypothesis of different plateaus does not seem reasonable if one evaluates the response to the same nutrient, because the maximum should be the same for different sources. The data of the present study seemed to fit, in most cases, the asymptotic non-linear model was considered to be adequate to compare the two sources.
The RBV estimated in the present study is in agreement with the dose response studies of Noll et al. [26] . They conducted in total three experiments in large white turkeys from 7-28 days. L-Met (100%) and Met hydroxy analoguefree acid (88%) were evaluated for biopotency compared to DL-Met (99%) in a starter diet. The Met levels of supplementation were 0%, 0.04%, 0.10%, 0.16%, 0.28%, 0.44%, and 1.00%.
They observed that the level of Met effected the growth of the birds significantly (P < 0.05). Based on the three studies the biopotency (± SE) of L-Met was significantly superior to DL-Met (131% ± 10%); the biopotency of the analogue was not significantly different from DL-Met (96% ± 7%). In the present study, as a whole (37d), the RBV of DL-and L-Met was considerably diverse as compared to the observation of Noll et al. [26] . These dissimilarities in RBV can be attributed to difference in species of animals and age period of animals during the study.
The difference in exponential graphic curves (Figure 1 ) is widened at lower by Shen et al. [21] was higher than that of the present study. They reported the RBV of L-Met as 159% to 100% of DL-Met for AGD and 138.5% to 100% for FCR respectively in weaned piglets. Recently, Kong et al. [22] determined the bioavailability of D-Met relative to L-Met for nursery pigs using the slope-ratio assay. They concluded that the mean relative bioequivalence of D-to L-Met was 87.6% based on urinary N output or 89.6% based on N retention. These values closely matched to the present study in which the RBV for DL-Met = 89, although, the difference in the species of the animals cannot be ignored.
Conclusion
Statistically, when comparing if one source (DL-Met) "equivalent" to the reference (L-Met) ignoring the type II error could have important practical consequences. D-Met must be converted to L-Met in the body. The process requires different steps, and it is not clear that process is 100% efficient; this may be projected through performance parameters. In the present experiment the RBV of DL to L-Met was 89:100 for BW and 77:100 for FCR.
